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Radiant	  Energy	  to	  Chemical	  Energy	  	  	  	  	  	  	  	  	  
(fixed	  C	  =	  energy	  +	  building	  material)	  	  
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Mortality	  
Decomposi+on	  	  
Soil	  Cycling	  

Secondary	  NPP	  

Biodiversity	  
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BASICS	  

•  What	  data	  are	  needed	  and	  why??	  

•  Focus	  on	  interpretability	  
•  Popula+on-‐based	  sample	  (unbiased	  sample)	  
•  Indicators	  of	  nodal	  (key)	  processes	  
•  Remove/reduce	  measurement	  error	  



Good	  Indicators	  

•  Regional	  scale	  applicability	  	  
•  Easily	  interpretable	  
•  Logis+cally	  feasible	  
•  High	  signal/noise	  ra+o	  



GOOD	  INDICATOR	  of	  a	  BAD	  DISEASE…..	  
BLACK	  PLAGUE	  (Yersinia	  pes*s)	  

•  Regional	  scale	  applicability:	  Most	  of	  Europe	  	  

•  Easily	  interpretable:	  Symptoms	  =	  Yersinia	  pes*s	  
•  Logis+cally	  feasible:	  A	  quick	  glance	  by	  any	  ci+zen	  

•  High	  signal/noise	  ra+o:	  Symptoms	  were	  not	  other	  things	  

Visible	  Symptoms	  on	  Vic+ms:	  	  
Black	  Circles	  or	  Splotches	  

Black	  Splotches	  =	  Yersinia	  pes*s	  	  

Why	  good	  indicator?	  
Black	  splotches	  caused	  by	  (directly	  linked)	  to	  Yersinia	  pes+s	  



Effects on 
Ecosystems1 

Key Ecological Processes2 Indicators of 
Processes3 

Metrics4 

Reduced 
Primary 
Productivity 

Photosynthesis; 
Assimilation, Respiration 

Crown Condition Foliar Transparency 
& Dieback 

Degraded 
Nutrient Cycling 

Decomposition; Oxidation 
and Reduction; 
Mineralization 

Soil pH; cations; 
SOM; DWD 

pH; nutrient cations; 
CWD & FWD 

Reduce Size of 
Organisms 

Carbon Storage; Carbon 
Allocation; Mortality; 
Regeneration   

Growth; Cover Tree dbh & height ; 
understory veg. cover 

Seral Reversion Succession Stand composition 
& structure; 
seedling & sapling 
composition & 
number 

Tree & Understory 
diversity; vertical 
structure; seedling & 
sapling species & 
number 

Reduced Species 
Diversity 

Community survival; 
maintenance of processes; 
structural diversity 

Species richness & 
Abundance  

No. & abundance of 
tree, understory, and 
lichen species 

1  From Rapport, D. J., H. A. Regier, and T. C. Hutchinson.  1985.  Ecosystem behavior under stress.  American 
Naturalist. 125:617-640. 
2  Processes are hierarchal and therefore higher order effects also include processes at all lower levels 
3  Indicators currently implemented at national or multi-regional scales by FIA 
4  Specific measurements within Process Indicators 



Hierarchical relationships of five common effects of any stressor on 
any ecosystem (Hutchinson and others)    



ECOLOGICAL	  PROCESS	  NODES	  

POINT	  OF	  MEASUREMENT	  OF	  UNDERLYING	  ECOLOGICAL	  PROCESSES	  

GROWTH	  =	  photosynthesis,	  transport,	  nutrient	  cycling,	  damage	  repair,	  etc.	  

•  Difficult	  to	  measure	  photosynthesis,	  transport,	  nutrient	  cycling,	  damage	  repair	  

•  Tree	  growth	  measured	  as	  tree	  height	  and	  diameter	  (tree	  volume)	  



Nodal	  Ecological	  Processes	  

Photosynthesis	  

Nutrient	  
Cycling	  

Growth	  

Reproduc+on	  Mortality	  

Decomposi+on	  

Succession	  

Hydrology	  
Cycles	  

Biogeochemical	  
Cycles	  
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FIA	  Plots	  and	  TOPS	  	  

•  Links	  between	  clusters	  of	  FIA	  plots	  and	  TOPS	  data	  

•  Analysis	  at	  mul+ple	  spa+al	  scales	  
•  Ecoregion	  sec+ons	  and	  subsec+ons	  
•  HUC10	  watersheds	  

•  County	  

•  About	  4000	  forested	  plots	  in	  HUC10	  

•  About	  88,000	  trees	  
•  Broad	  suite	  of	  FIA	  data	  	  





Species:	  all	  species,	  all	  conifers,	  all	  hardwoods,	  all	  forest	  types;	  10	  most	  common	  sp;	  10	  highest	  values	  sp;	  	  	  10	  lowest	  values	  sp.;	  10	  special	  species	  (e.g.,	  hemlock,	  
buhernut,	  dogwood,	  others)	  

FIA	  Data	  	   Component	   A<ributes	  of	  Interest	   MPCI	  
Plot	  numbers	  &	  condiDons	   Plot	  tally	   total	  plots	   C1	  

forested	  plots	   C1	  
non-‐forested	  plots	   C1	  
forested	  &	  par+al	  forested	   C1	  
non-‐sampled	  plots	   C1	  
area	  covered	  	   C1	  

Physical	  environment	  	   Slope	  
Eleva+on	  	  	  
Aspect	  
physical	  disturbances	   C3	  
site	  index	   C2	  

Biological	  environment	   forest	  type	   C1	  
forest	  condi+on	  class	   C1	  
stand	  size	   C1	  
structural	  stage	   C1	  
biological	  disturbances	   C3	  

Management	  environment	   Ownership,	  type	  of	  use,	  etc.	   C6	  
Reserved	  Status	  class	  	   C7	  
Ownership	  Group	  class	  	   C6	  
Plot	  Disturbance/No	  disturb	   C3	  

Trees	   Produc+vity	   Live	  Basal	  Area	  (propor+on	  unadjusted)	   C2	  
Growth	  Rate	  	   C2	  
Average	  net	  annual	  growth	  	   C2	  

C2	  
Forest	  stand	  	  volume	  	   C2	  
Forest	  stand	  density	  	   C2	  
Forest	  stand	  age	  	   C2	  

Regenera+on	   Number	  seedlings:	  (is	  regen	  at	  plot	  sufficient	  to	  
maintain	  species	  in	  stand?)	  

C1	  

Mortality	   Volume	  of	  trees	  dead;	  	  MRATIO=mortality	  vol/net	  
growth	  vol;	  DDLD=	  live	  dbh/dead	  dbh;	  cause	  of	  

mortality	  when	  known	  

C3	  

Snags	  by	  Size	  Class–Number&percent	  between:	  	  	  	  	  	  	  	  	  	  	  	  	  
1.	  5-‐30	  cm	  and	  >30cm;	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2.	  

1-‐5;	  5-‐12;	  12-‐15;	  >	  15	  in	  

C1	  

Diversity	   Number	  and	  abundance	  of	  tree	  species	   C1	  
Invasive	  Species	  –Non-‐na+ve	  tree	  species	  type	  and	  
number	  

C1	  

Tree	  genera	  -‐-‐number	  and	  area	  covered	   C1	  
Forest	  types-‐-‐number	  and	  area	  covered	   C1	  
Structural	  diversity	   C1	  

Plot	  and	  subplot	  condi+ons;	  
disturbances,	  etc.	  

Physical	  descrip+on;	  micro-‐habitat	  differences;	  land-‐
use;	  history;	  

C3	  



when	  known	  
Snags	  by	  Size	  Class–
Number&percent	  between:	  	  	  	  	  	  	  	  	  	  	  	  	  

1.	  5-‐30	  cm	  and	  >30cm;	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2.	  1-‐5;	  5-‐12;	  12-‐15;	  >	  15	  in	  

C1	  

Diversity	   Number	  and	  abundance	  of	  
tree	  species	  

C1	  

Invasive	  Species	  –Non-‐na+ve	  
tree	  species	  type	  and	  number	  

C1	  

Tree	  genera	  -‐-‐number	  and	  area	  
covered	  

C1	  

Forest	  types-‐-‐number	  and	  area	  
covered	  

C1	  

Structural	  diversity	   C1	  
Plot	  and	  subplot	  
condi+ons;	  

disturbances,	  
etc.	  

Physical	  descrip+on;	  micro-‐
habitat	  differences;	  land-‐use;	  

history;	  

C3	  

Significant	  tree	  
damage(s)	  =	  

damage	  type,	  
loca+on,	  and	  

severity-‐-‐	  I	  will	  
calculate	  

Damage	  Index)	  

Damage	  to	  roots,	  bole,	  crown;	  
(all	  species;	  conifers;	  

hardwoods)	  

C3	  

Tree	  Damage:	  species,	  number,	  
and	  percent	  	  	  

C3	  

Ra+o	   Crown	  ra+o	   C1,C2	  Crowns	  
Density	   Crown	  density	   C1,C2	  
Diameter	   Measured	  or	  es+mated	   C1,C2	  
Dieback	   Indicator	  of	  stress-‐-‐loss	  of	  vigor	  C3	  
Transparency	   Indicator	  of	  stress-‐-‐loss	  of	  

photosyn.	  Base	  
C3	  

Crown	  Indices	   Volume,	  structure,	  others
(KaDonna	  Randolph)	  

C1,C2	  

Canopy	  Density	   Percent	  sunlight	  trough	  all	  
trees	  above	  subplot	  (crowns,	  

boles,	  branches,	  seeds,	  etc)	  	  

C1,C2	  

Soils	   Nutrients	  	   Soil	  Chemistry	  C/N	  	   C4	  
Soil	  Chemistry	  Al/Ca	  	   C4	  

Acidity	  (pH)	   Hydrogen	  ion	  concentra+on	   C2,C3,C
4	  

Toxins	   Toxins:	  Al,	  Fe,	  Pb,	  Zn,	  Cu,	  
others	  

C2,C3,C
4	  

Organic	  Maher	  
&	  physical	  

proper+es	  

Amount	  SOM;	  	  type	  of	  soil	  
(clay,	  loam,	  sand)	  

Erosion	   Soil	  cover;	  Slope	  &	  Run;	  
Rainfall;	  Soil	  factors;	  MUSLE	  

and	  WEPP	  models;	  	  



C2,C3,C4	  

Toxins	   Toxins:	  Al,	  Fe,	  Pb,	  Zn,	  Cu,	  others	   C2,C3,C4	  

Organic	  Maher	  &	  
physical	  proper+es	  

Amount	  SOM;	  	  type	  of	  soil	  (clay,	  loam,	  sand)	  

Erosion	   Soil	  cover;	  Slope	  &	  Run;	  Rainfall;	  Soil	  
factors;	  MUSLE	  and	  WEPP	  models;	  	  

Compac+on	   Visual	  Symptoms	  (structure	  and	  trails,	  etc.);	  
Penetrability;	  depth	  to	  hardpan	  

Lichens	   Diversity	   Species	  richness	  and	  abundance	  
Air	  quality	   Type	  and	  abundance	  of	  N	  and	  S	  sensi+ve	  

lichen	  species;	  AQ	  score	  

Climate	  Change	   Type	  and	  abundance	  of	  temperature	  and	  
moisture	  sensi+ve	  lichen	  species;	  climate	  

score	  
O3	  Bioindicator	   Ozone	  impacts	   Incidence	  and	  severity	  of	  foliar	  ozone	  injury	  

on	  known	  O3	  suscep+ble	  species	  

Understory	  Veg	  
Diversity	  

Diversity,	  abundance,	  &	  	  
structure	  of	  understory	  

plants;	  	  phenological	  
stage	  

Species	  richness	  and	  cover	  by	  ver+cal	  strata	  
of	  understory	  plants;	  ground	  cover.	  	  

Invasive	  Species	  –	  Type	  and	  abundance	  of	  
non-‐na+ve	  tree	  species	  	  

Down	  Woody	  Material	   Type,	  condi+on	  and	  	  
abundance	  of	  downed	  

wood	  

CWD	  –	  Coarse	  woody	  debris	  
FWD	  -‐	  Fine	  woody	  debris	  

Fuel	  Loading	  &	  Fire	  Risk	  Amount,	  distribu+on,	  &	  
condi+on	  	  

Mensura+on,	  veg.	  structure,	  downed	  wood,	  
height	  of	  liove	  and	  dead	  herbs,	  grasses,	  

shrubs,	  slash,;	  	  PDSI;	  slope,	  etc.(Basic	  data	  
to	  run	  fuel	  loading/fire	  risk	  models)	  

Stressors	   Air	  Pollu+on	   Ozone,	  N-‐dep.,	  dep.	  Ph	  (EPA;	  NADP)	  
Historic	  fire	  regimes	  	   Change	  in	  historic	  fire	  regimes	  	  
Insects	   Na+ve	  (FHP)	  

Exo+c	  (FHP)	  
Pathogens	   Na+ve	  (FHP)	  

Exo+c	  (FHP)	  
Storms	   Wind,	  snow,	  ice	  (TOPS,	  NOAA)	  
Climate	  Change	   T,	  ppt	  (ecoregions	  and	  plot	  clusters)	  
Land	  use	  change	   Urban,	  Ag	  (crops/pasture),	  forest,	  water	  

(NRI)	  























Figure	  3.	  a-‐e.	  Example	  of	  outputs	  from	  TOPS	  informa+on	  system.	  Landscape	  
scale	  data	  from	  TOPS	  will	  be	  used	  to	  interpret	  informa+on	  from	  ridge	  ecotone	  
plots	  and	  other	  FIA	  plots	  in	  HUC10	  shell.	  	  	   






